The mouths of begging nestlings vary widely in colour, ranging from yellow in robins, Erithacus rubecula, to red in reed buntings, Emberiza schoeniclus. Two functions have been suggested for bright nestling mouth colour: (1) it may improve the detectability of chicks, particularly in poorly lit nests and (2) within species, it may signal need. We tested these hypotheses in a comparative analysis, measuring the mouth colours of nestlings from 31 species under conditions of standardized light availability and food deprivation. Changes in mouth colour signalled need only among the seed-regurgitating finches. In these species there was a 'red flush' at the onset of begging, which became redder with increasing food deprivation. No other species showed these changes, including the closely related chaffinch, Fringilla coelebs, which feeds its young insects. We found no evidence that mouth colour was correlated with the light available in the nest. We did find, however, that nestlings in darker nests improved their conspicuousness through the relative colour and size of the flange that borders their brightly coloured mouths. Nestlings from darker nests had relatively wider flanges, which were whiter and less densely coloured in relation to their mouth colour, than those of chicks reared in better illuminated nests. Clutch size was not related to mouth or flange colour, or relative flange size. We suggest that nestling mouth colour has not been selected to make chicks detectable, but that this is the function of the surrounding flange. We also discuss reasons why signals of need through mouth colour are not more widespread.
Begging nestlings from a variety of species use similar, exuberant, multicomponent displays when soliciting food from their parents. Typically, offspring present brightly coloured mouths, call incessantly, stand up and flap their wings. The details of the solicitation display, however, vary between species. Begging calls may be short and high pitched as in chaffinches, Fringilla coelebs, or lower and longer as in starlings, Sturnus vulgaris (Redondo & Arias de Reyna 1988) . Nestling mouth colour is equally variable between species, ranging from yellow in robins, Erithacus rubecula, to orange in pied wagtails, Motacilla alba, and red in reed buntings, Emberiza schoeniclus.
Variation in bright nestling mouth colour between species did not go unnoticed by early ornithologists. Swynnerton (1916) , for example, suggested that bright nestling mouths functioned as warning coloration for potential predators, an idea that he tested by asking his manservant to report on the palatability of different species. The taste of young birds was apparently so obnoxious that Swynnerton concluded their vivid mouth colours must serve an aposematic function. Pycraft (1907), meanwhile, proposed that mouth colour functioned to guide parents to their nestlings, particularly in darker cavity nests. Ficken (1965) also suggested that nestling mouth colour is related to nest type, and that species with yellow mouths are more likely to be found in cavity nests.
More recently, nestling mouth colour has been shown to vary within a species. Specifically, in canary, Serinus canaria, nestlings, it is a signal of need (Kilner 1997). Canary chicks have pink, highly vascularized mouths which rapidly intensify in colour after the onset of begging, a process called the 'flush'. The extent to which mouths change colour during the flush increases as a chick becomes more food deprived, so that nestling mouth colour can reliably indicate a chick's nutritional state to parents poised at the side of the nest with food. Variation in the mouth colour of canary nestlings with need is relatively small, and much less than the variation in mouth colour between species.
We combined recent progress in understanding the function of nestling mouth colour with earlier ideas to test the following hypotheses. First, we investigated whether changes in nestling mouth colour are a signal of need in a wide variety of species. Some birds build their nests in dark cavities (e.g. great tit, Parus major), under
